Background: High-dose chemotherapy (HDC) with autologous stem-cell rescue (ASCR) is a treatment option for pediatric patients with relapsed nephroblastoma. We present long term results of 9 patients treated between 1993 and 2013 at our center. Procedure: Reinduction therapy was carried out according to GPOH and SIOP recommendations. The conditioning regimen consisted of carboplatin (1 200 mg/m²), etoposide (800 mg/m² or 40 mg/kg) and melphalan (180 mg/m²). Purging of the grafts with immunomagnetic CD34 positive selection was performed in 5 patients. Results: 8 of 9 Patients (90 %) are alive without evidence of disease after a median follow-up of 8.5 years. Leukocyte engraftment occurred after a median of 10 days (range 8-12). Median numbers of 667/µl CD3 + , 329/µl CD4 + , 369/µl CD8 + T cells and 949/µl B cells were reached after 180 days. No negative impact of CD34 selection was observed. No transplantation-related death occurred. Acute toxicity comprised mucositis III °-IV ° in all and veno-occlusive disease in one patient. Long term effects probably related to treatment occurred in 3/7 evaluable patients and comprised hearing impairment, reduced renal phosphate reabsorption, mild creatinine elevation and hypothyroidism (n = 1, each). Conclusion: Thus, in our experience HDC with ASCR is an effective treatment of recurrent or refractory nephroblastoma with acceptable side effects. However, a randomized trial proving its efficiency with a high level of evidence is needed.
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Introduction ▼
In the SIOP93-01/GPOH (International Society of Paediatric Oncology/Society for Paediatric Oncology and Haematology) trial 9 % of all patients with a localized nephroblastoma suffered from recurrence [18] . This rate is even higher in patients with one or more risk factors including unfavorable/high risk histology, older patients, bilateral disease and high tumor stage. Metastatic disease at diagnosis (Stage IV) for example reduces the EFS to 72 % in GPOH patients [20] . Fortunately, the outcome of patients with recurrent disease has greatly improved over the last 30 years. While the overall survival before the mid-1980s hardly reached 20-30 % [7, 8, 17, 23] , current treatment regimens are able to accomplish survival rates between 45-60 % for relapsed patients [1, 4, 13, 14, 22] . Especially the introduction of carboplatin, etoposide and ifosfamide in the late 80s and early 90s resulted in a major improvement in survival rates [16] . At the moment 3 year overall survival for standard risk relapse reaches 75-85 % [5] . In contrast, high and very high risk relapse patients have a significantly lower survival (50-60 % and 15-25 %) [5, 19] and might potentially profit from increased treatment intensity. The significance of highdose chemotherapy (HDC) in connection with autologous stem-cell rescue (ASCR) remains undetermined. As stated by previous studies there is evidence for this method to be very effective in treating relapsed nephroblastoma [3, 5, 6, 11, 12, 15, 19] . Promising 3-to 5-year survival rates between 30 % and 60 % have been reported. Recently a retrospective analysis from the GPOH compared 26 matched cases receiving and not receiving HDC and ASCR resulting in 64 % vs. 45 % 3 year-overall survival (p = 0.059) [5] . However, the number of cases in these studies is small and due to the small number of patients with high risk relapsed nephroblastoma in general, randomized studies are hard to perform. Thus, more research on this topic seems to be necessary. The purpose of this paper is to report the experience with HDC and ASCR in terms of survival, side effects and long term toxicity.
Patients and methods

▼
Between 1993 and 2013, 9 patients with relapsed or primary refractory nephroblastoma were enrolled in this retrospective monocenter analysis. All of them were treated with HDC and ASCR. Informed consent was obtained from the legal guardians and patients.
• ▶ Table 1 gives an overview about patient characteristics and medical history before HDC. The median age at initial diagnosis was 53 months (Range 11-111 months). According to the SIOP2001/GPOH trial protocol tumor histology was stratified into 3 risk groups (lowrisk, intermediaterisk and high risk). Histological stratification was performed by central pathology review and revealed intermediate-risk tumors in 6 patients and high-risk tumors in 2 patients. The histology of patient # 7 was not determined by reference pathology. 4 patients were diagnosed with stage IV disease, 3 of them with pulmonary metastases and one with multiple metastases in lung, liver and pancreas.
Initial therapy
All patients were treated with preoperative chemotherapy. Preand postoperative chemotherapy included actinomycin D and vincristine in 3 patients, 5 patients additionally received doxorubicin. Due to tumor progression under chemotherapy, postoperative treatment of patient #1 was changed to the high risk arm (cyclophosphamide, doxorubicin, etoposide and carboplatin) after surgery. In all other patients postoperative chemotherapy consisted of additional courses of the initial treatment. 5 Patients received local radiotherapy with 15 Gy cumulative dose after surgery ( • ▶ Table 1 ).
Relapse
• ▶ Table 2 gives an overview about the time to relapse and the site of relapse. 6 patients relapsed after a median of 8 months (Range 6-14 months). Progression under primary therapy occurred in 2 patients and one patient showed only partial remission under initial treatment. One patient (# 4) experienced 2 relapses before HDC. The first local recurrence was treated with an additional surgical intervention in combination with standard chemotherapy (carboplatin + etoposide) and local irradiation. This second relapse with metastases in liver and lung (after 5 months) was treated with salvage therapy (ifosfamide, carboplatin and etoposide), HDC and ASCR. Most relapses occurred in the lung (6 patients), followed by liver (2 patients) and CNS (2 Patients). Salvage chemotherapy consisted of ifosfamide, carboplatin and etoposide (ICE) in 6 patients according to the recommendation of the SIOP-GPOH, one patient received doxorubicin in addition to ICE and 3 patients were treated with carboplatin and etoposide only ( • ▶ Table 2 ).
HDC and ASCR
HDC was considered as treatment for patients with high risk relapse according to the recommendation of the SIOP-GPOH 2001 trial or for primary refractory/progressive patients. The criteria for high risk relapsed nephroblastoma are shown in
All patients met at least one criterion. HDC was performed after salvage therapy. Remission status before HDC is shown in 
Statistics
Event-free survival (EFS) and overall survival were estimated by Kaplan-Meyer-Method. Data analysis was performed using SPSS ® (Version 20). 
Follow-up
Long term toxicity
Long term toxicity effects after a median followup of 8.5 years were observed in 3 of 7 evaluable patients. Patient #1 was excluded due to early death and very short follow-up period. Patient #7 has been lost to followup. One patient suffered from hearing impairment for high frequencies, mitral regurgitation, lowered renal phosphate re-absorption and elevated levels of estrogens. One patient showed mild elevation of creatinine (0.9 mg/dl, ULN 0.8 mg/dl) and one patient was diagnosed with hypothyroidism during this follow-up period. The role of chemotherapy in the development of these late side effects remains undetermined. Incidental findings should be considered. In all other patients there were no signs of long term toxicity. The significance of highdose chemotherapy (HDC) in combination with autologous stem-cell rescue (ASCR) still remains unclear in relapsed nephroblastoma since randomized studies with a high number of cases are lacking. However, several non-randomized studies have shown favorable overall survival and eventfree survival rates between 34-64 % (13) (14) (15) (16) (17) (18) (19) and HDC with ASCR therefore seems to be a very effective way to treat relapsed nephroblastoma. We could confirm these results in our retrospective, monocenter analysis with a long term EFS of 90 % after a median follow-up of 8.4 years. Since 7 patients are in complete remission after a follow-up of more than 7 years, recurrence in these patients is most unlikely. However, our results are limited by several factors of influence: the number of cases was low, the initial therapy was not standardized and a heterogeneous group of patients had to be recruited for analysis.
With these results, we cannot definitely answer the question whether HDC therapy is superior to a non-HDC approach or not.
A recent meta-analysis by Ha et al. [9] pointed out that further data on this topic is needed, especially for the rarer subgroups, i. e., high-risk histology. However, this meta-analysis showed that HDC might be more effective in terms of both EFS and OS, compared to non-HDC treatment. The authors pointed out that especially patients in the high risk (every patient with initial RT, ≥ 3 drugs during initial treatment, initial use of ifosfamide or cyclophosphamide) or very high risk subgroups (stage IV disease with unfavorable histology, initial therapy with 4 or more chemotherapeutic agents, > 1 relapse or refractory relapse) seem to benefit from HDC treatment with improved EFS. The calculated hazard ratios were 0.97 (95 % CI 0.43-2.71, p = 0.94), 0.90 (95 % CI 0.62-1.31, p = 0.6) and 0.50 (95 % CI 0.31-0.82. p = 0.006) for the standard, high and very high risk subgroups respectively as compared to nonHDC treatment. This suggests a significant benefit for the very high risk subgroup and a potential benefit for the high risk group, whereas the benefit for the low risk group seems negligible. The estimated 3-year EFS for standard, high and very high risk were 59.5 %, 49 % and 27.2 % respectively over all relapsed patients (treated with or without HDC). In conclusion the potential benefit of HDC therapy in comparison to NonHDC treatment is directly correlated to the individual risk profile of the patient. All but one patient (#7) of our analysis met their criteria for high or very high risk relapse. These criteria do not coincide with the risk stratification by the SIOP/GPOH normally used for high risk nephroblastoma ( • ▶ Table 3 ).
On the other hand, possible side effects of HDC must be taken into consideration. Myeloablative regimens tend to increase the possibility of critical side effects like infections or venoocclusive disease. Therefore treatment-related mortality might be higher than in conventional regimens [21] . However, conflicting results are reported regarding this issue, since a recent metaanalyses performed by Yalcin et al. could not show any significant increase in treatment related mortality, severe infections and sepsis between myeloablative approaches and conventional approaches in the treatment of high-risk neuroblastoma. Nevertheless they found a higher incidence of renal effects, interstitial pneumonitis and VOD in the myeloablative group [24] . In our analysis no treatment related death occurred. One patient developed VOD which might be at least partially triggered by hepatic metastases. All other patients had only mild and reversible acute toxicities. These results are in line with observations from other investigators and the CEM-Regimen in particular has been considered to be well tolerated with low therapy related mortality [2] . Long term toxicity after HDC/ASCR is not well evaluated and studies about this topic are very rare. Moreover, the contribution of HDC in the development of long term side effects is difficult to determine considering the fact that all patients received different preHDC therapies. Possible late effects cannot be differentiated from other late effects caused by the chemotherapeutical agents used for the HDC. This includes chronic renal, pulmonary or cardiac dysfunction, impairment of the visual or auditory systems, changes in the hormonal systems and secondary malignancies. In our experience, long term toxicity was acceptable since only one patient of 6 evaluable patients suffered from serious long term side effects (hearing impairment, mitral regurgitation, renal dysfunction and elevated estrogens). CD34-enrichement was used in 5 patients. The purpose was to deplete the graft of any remaining nephroblastoma cells in order to reduce relapse probability. As shown by Handgretinger et al.
[10] CD34 purging is an effective way to reduce graft contamination without hampering the immune recovery. Although this study was performed on patients with high-risk neuroblastoma, we assume that the conclusions can be transferred to nephroblastoma patients. As depicted in
• ▶ Fig. 1 , the reconstitution of the observed subtypes does not show any obvious difference between CD34-purged patients and non-purged patients. Due to the low patient numbers, we were not able to demonstrate positive effects on the relapse probability due to CD34 selection in this analysis and probably no large randomized study will have the statistical power to clarify this issue. However, we have not observed any detrimental sideeffects like severe infections or delayed immune reconstitution in our patients with CD34 selected grafts. Although the clinical benefit remains unclear, CD34-enrichment may be feasible to reduce tumor cells in the transplant without increasing the side effects.
Conclusion ▼
In our experience HDC with ASCR is an effective way to treat recurrent or refractory nephroblastoma and should be considered as the primary relapse therapy for patients under very high risk. An excellent long term survival without evidence of recurrent disease and with few side effects could be observed. However, the number of patients analyzed here is small and further investigations on this topic are needed. We suggest a large, standardized, preferably international, randomized trial to determine the role of HDC in terms of survival and toxicity in relapsed and refractory nephroblastoma. 
